We use FRIIb radio galaxy redshift-angular size data to constrain cosmological parameters in a dark energy scalar field model. The derived constraints are consistent with but weaker than those determined using Type Ia supernova redshift-magnitude data.
Introduction
The last half-a-dozen years have seen a remarkable increase in the quality of some cosmological data. No less remarkable, but perhaps less heralded, has been the continuing acquisition of new types of data. These have been very useful developments in the on-going process of determining, through the cosmological tests, how well current cosmological models approximate reality: many independent and tight constraints on cosmological-model parameters allow for consistency checks on the models (see, e.g., Maor et al. 2002; Wasserman 2002 ).
For example, there is now much more higher-quality Type Ia supernova redshift-magnitude data. Recent applications of the redshift-magnitude test based on this data (see, e.g., Riess et al. 1998; Perlmutter et al. 1999; Podariu & Ratra 2000; Waga & Frieman 2000; Leibundgut 2001) indicate that the energy density of the current universe is dominated by a cosmological constant, Λ, or by a term in the stress-energy tensor that only varies slowly with time and space and so behaves like Λ. 4 Supporting evidence for Λ or a Λ-like term is provided by a combination of low dynamical estimates for the non-relativistic matter density parameter Ω 0 (see, e.g., Peebles 1993) and evidence for a vanishing curvature of spatial hypersurfaces from cosmic microwave background anisotropy measurements (see, e.g., Baccigalupi et al. 2002; Scott et al. 2002; Mason et al. 2002) .
Evidence against the large value of the cosmological constant density parameter Ω Λ favored by the above tests comes from estimates of the observed rate of multiple images of radio sources or quasars, produced by gravitational lensing by foreground galaxies (see, e.g., Ratra & Quillen 1992; Helbig et al. 1999; Waga & Frieman 2000; Ng & Wiltshire 2001 ).
An improvement in data quality, as well as data from other cosmological tests, will be needed to resolve this situation. In the near future the redshift-counts test appears to be promising (see, e.g. Present redshift-angular size data provide a useful consistency check. The redshift-angular size relation is measured by Buchalter et al. (1998) for quasars, by Gurvits, Kellermann, & Frey (1999) for compact radio sources, and by Guerra, Daly, & Wan (2000) for FRIIb radio galaxies. Vishwakarma (2001), Lima & Alcaniz (2002) , and Chen & Ratra (2002) use the Gurvits et al. (1999) data to set constraints on cosmological parameters. Guerra et al. (2000) , Daly & Guerra (2001 , and Daly, Mory, & Guerra (2002) examine FRIIb radio galaxy redshift-angular size cosmological constraints in various models.
Here we use the FRIIb radio galaxy redshift-angular size data of Guerra et al. (2000) to derive constraints on the parameters of a spatially-flat model with a dark energy scalar field (φ) with scalar field potential energy density V (φ) that at low redshift is ∝ φ −α , α > 0 ( ). The energy density of such a scalar field decreases with time, behaving like a time-variable Λ.
We adopt the analysis technique of Guerra et al. (2000) , marginalizing over their parameter β to account for the uncertainty in the linear size of the "standard rod" used in the redshift-angular size test, to derive the likelihood (probability distribution) of the scalar field model parameters, L(Ω 0 , α). This likelihood function is used to determine confidence regions for the model parameters. We compute L(Ω 0 , α) over the ranges 0.05 ≤ Ω 0 ≤ 0.95 and 0 ≤ α ≤ 8. The radio galaxy 3C 427.1 (of the twenty used in the analysis) is a disproportionate contributor to χ 2 , so we present results both including and excluding this radio galaxy. When we exclude 3C 427.1 we renormalize the error bars to make the best-fit reduced χ 2 unity.
Results and Discussion
Figures 1 and 2 show the constraints on Ω 0 and α in the dark energy scalar field model with V (φ) ∝ φ −α , including and excluding 3C 427.1. In both cases the constraints shown here are consistent with, but tighter than, those derived using the Gurvits et al. (1999) compact radio source redshift-angular size data (Chen & Ratra 2002, Fig. 3) . They are also consistent with, but not as constraining as, those derived from the Riess et al. (1998) and Perlmutter et al. (1999) Type Ia supernova redshift-magnitude data (Podariu & Ratra 2000; Waga & Frieman 2000) .
It is encouraging that the FRIIb radio galaxy redshift-angular size data constraints are consistent with and not much weaker than those derived from Type Ia supernova redshift-magnitude data. Future higher-quality redshift-angular size data is eagerly anticipated.
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